Purpose. To investigate the cause of failure in mattesurface cemented stems in second-generation metalon-metal total hip arthroplasty (THA). Methods. Records of 26 men and 11 women (39 hips) aged 29 to 72 years who underwent primary cementless THAs by a single surgeon using secondgeneration metal-on-metal prostheses and were followed up for a mean of 122 (range, 120-141) months were reviewed. Two types of femoral stems were used: a cementless Ti-alloy stem (n=21) and a matte-surface, iron-based alloy, cemented stem (n=18). Clinical outcomes were measured using the Harris hip score. Radiographs were assessed for stem loosening and osteolysis. Patient activity levels were graded. Surfaces of the retrieved femoral stems and periprosthetic tissue samples were examined. Metallic and cement particles were studied. Hypersensitivity to metal was tested. Results. None of the cementless stems were revised; no osteolysis or stem loosening occurred. In contrast, 7 of Eleven-year follow-up of second-generation metal-on-metal total hip arthroplasty 18 matte-surface cemented stems were revised owing to stem loosening or osteolysis. Periprosthetic tissues revealed abundant cement-related particles; 90% were zirconium oxides but a few were iron particles. Histological examination of periprosthetic tissues showed perivascular infiltration of lymphocytes and macrophages containing tiny foreign materials. Metal hypersensitivity was not associated with aseptic loosening. Conclusion. Metal-on-metal THA with cementless components could be recommended for young, active patients to prevent wear and osteolysis. The mattesurface cemented stem is more likely to fail owing to friction during the earlier stage and cement-related biological processes during the later stage.
INTRODUCTION
Metal-on-metal prostheses are more resistant to wear than metal-on-polyethylene prostheses. Metal particles are smaller than polyethylene particles, and therefore less tissue reaction is induced. [1] [2] [3] Metal-onmetal total hip arthroplasty (THA) is increasingly popular, particularly for younger patients. 4, 5 Nonetheless, patients with metal-on-metal prosthesis have significantly higher serum levels of cobalt and chromium ions than individuals without implants. 6, 7 All metals in contact with biological systems corrode, and the released ions can activate the immune system by forming metal-protein complexes, which are antigens that elicit hypersensitivity responses. 8, 9 Early loosening of the first-generation metal-onmetal McKee-Farrar prosthesis is attributed to the standard implant design, inconsistent manufacturing tolerance, and poor surgical technique, rather than to suboptimal performance of the articulation. [10] [11] [12] The second-generation metal-on-metal prosthesis (Metasul; Sulzer Orthopedics, Winterthur, Switzerland) is made of cobalt-chromiummolybdenum alloy, and its surface geometry and clearance can be reconfigured with the aid of computerised tools. Nonetheless, early progressive osteolysis is more frequent when matte-surface cemented stems are used, compared with cementless stems. We therefore investigated the cause of failure in matte-surface cemented stems in second-generation metal-on-metal THA.
MATERIALS AND METHODS
This retrospective study was approved by the institutional review board of our hospital. Records of 26 men and 11 women (39 hips) aged 29 to 72 (mean, 55) years who underwent primary cementless THA using a second-generation metal-on-metal prosthesis and were followed up for a mean of 122 (range, 120-141) months were reviewed. All procedures entailed a posterolateral approach by a single surgeon between November 1996 and June 1998. The primary diagnoses of patients were osteonecrosis of the femoral head (n=23), degenerative osteoarthritis (n=9), rheumatoid arthritis (n=3), and ankylosing spondylitis (n=2).
The back of the non-cemented cup was made of titanium and had a polyethylene insert enclosing the articulating metal surface. Two types of femoral stems were used: a cementless titanium-alloy stem (n=21) and a matte-surface (Ra=1.6 µm), iron-based alloy, cemented stem (n=18). The latter design entailed a squared, double-tapered, collarless flange and a central guide wire hole (Fig. 1a) . Cementless stems were selected when there was intra-operative stability during the rasping procedure. After femoral preparation, a central guide wire-attached polyethylene plug was inserted into the femoral canal and then cement was injected into the femur in a retrograde fashion.
Postoperative rehabilitation involved mobilisation with a walker at day 3. Full weight bearing was allowed at week 6. Patients were followed up at week 6, months 3 and 6, and annually thereafter.
Clinical outcomes were measured using the Harris hip score. 13 Patient activity levels were graded (Table). 14 Radiographs were assessed by 2 independent observers. The quality of femoral cementation was evaluated. 16 Fixation of the components was classified as osseous ingrowth, stable fibrous fixation, or unstable fixation. 15 Stem loosening was defined as subsidence of >5 mm or continuous demarcation around the stem. 15 Calcar changes were categorised depending on the presence or absence of resorption or rounding of the proximal part of the femur. 17 Femoral osteolysis was defined as a focal area of bone resorption of ≥2 mm wide, 18 and assessed in each of the 7 Gruen zones. 19 Stem subsidence was measured from the shoulder of the prosthesis to the most-medial point of the lesser trochanter and classified as <5 mm, 5 to 10 mm, or >10 mm. 20 Migration of the acetabular component was defined as a change of >5 mm in the vertical or horizontal position of the cup or a change in the cup angle of >5°. 17 Acetabular osteolysis was recorded for zones I, II, and III. Failure was defined as implant revision.
Surfaces of the retrieved femoral stems were investigated using scanning electron microscopy ( Fig.1b) . Tissue samples from the joint capsules and cement-bone interfaces were examined using an electron probe micro-analyser and energy dispersive spectroscopy (EDS). Metallic and cement particles were studied with EDS and back-scattered electron (BSE) images, which reveal brighter colour images in the high atomic number area. 21 Seven patients with early osteolysis and 10 randomly selected patients were tested for hypersensitivity to nickel sulphate, cobalt chloride, and potassium dichromate, using skin-patch tests.
Correlation between failure and matte-surface cemented stems was tested using Fisher's exact test. Kaplan-Meier survival rate was determined, with revision of any component as the end point.
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RESULTS
The mean Harris hip score of the 37 patients was 57 (range, 46-67) preoperatively and 93 (range, 87-100) after at least 10 years. All 21 THAs with cementless stems showed bone ingrowth and no aseptic loosening. No stress shielding effect was observed except for a rounding-off of the calcar. In contrast, 7 (39%) of 18 THAs with matte-surface cemented stems developed aseptic loosening and osteolysis and underwent revision THA (Fig. 2) . Osteolysis occurred more often in cemented stems (p=0.002, Fisher's exact test). Patients with a cemented stem undergoing strenuous activity were positively associated with osteolysis (p=0.042, Fisher's exact test, Fig. 3 ) The overall 10-year survival rate was 81% (95% confidence interval [CI], 69-94%). It was 100% for THA with cementless stems and 61% (95% CI, 50-73%) for THA with mattesurface cemented stems.
In 5 of 7 THAs undergoing revision surgery, retrieved synovial tissues were examined using EDS and BSE images. Particles that originated from cement were more commonly detected; 90% were zirconium oxides (Fig. 4) . They had no predominant form; usually they had sharp edges and corners, some were rectangular and elongated, with usual sizes being 5-10 µm (minimum, 0.5-1 µm). Other particles included silicon oxide from the cement. Less than 5% were metal particles, which were usually of ironbased alloys and on the upper border area, with sizes ranging from 20 to 100 µm. A few cobalt-chromium particles were also detected. Histological examination of periprosthetic tissues showed perivascular infiltration of lymphocytes and macrophages in which tiny foreign materials had accumulated (Fig. 5) . Most of the stroma had been degraded and foreign body reactions were noted.
Metal hypersensitivity for nickel, cobalt, and chromium was not associated with aseptic loosening. One woman with a stable cemented THA had positive results, whereas 2 women with loosening of the cemented stem had negative results. 
DISCUSSION
Second-generation metal-on-metal THA has achieved excellent results. 4, 6, 23 It has low levels of wear and same durability as McKee-Farrar hips. 24, 25 Nonetheless, metallic deposits have been reported in the periprosthetic tissues due to impingement between the neck and socket. [26] [27] [28] In our study, a second-generation cementing technique was used, and no correlation was found between loosening and the Barrack grade. 16 Patient activity level is probably the most important factor affecting prosthetic wear, with walking being the greatest contributor.
29 Activity level is difficult to quantify objectively; attempts at correlating general function and activity scales with wear have often failed. No correlation was found between the Charnley functional class (activity level) and wear, 18, 19 but the use of more accurate activity scales and specific assessments of function has shown a correlation with wear. 14, 30 In our study, loosening and osteolysis occurred more often in active patients and manual workers with cemented stems. During revision surgery, stems were easily extracted. The cement mantle was attached to the stem from the middle to the distal tip, but had broken away in the proximomedial section. The worn surfaces of retrieved femoral stems were inspected under a light microscope, and focal areas in the medial and longitudinal portions of the lateral shoulder of the cemented stems showed mirror-like burnishing (Fig. 1) . Surfaces of retrieved cemented stems revealed a polished area running transversely and delicate scratches running longitudinally along the axis of the femoral stem. These findings indicate that rotational force is an important mechanism of initial failure. 31 Scanning electron microscopy revealed cracks, cement mantle fractures and debonding at the interface between cement and stem (Fig. 1c) . We postulate that the gaps first appeared in the proximal region between cement and stem, and subsequently cement-related particles and metal debris flowed out through gaps into the joint space. This induced sequential biological processes at the cement-bone interface.
In our study, metal particles from matte surfaces appeared larger in size and fewer in number than cement and zirconium particles, which were widely dispersed in tissue specimens. The level of bonecement constituents in the tissues was relatively high. Therefore, metal debris from the matte-surface cemented stem may not be the main factor eliciting foreign body reactions and subsequent osteolysis and loosening. 32 Perivascularly oriented lymphocyte infiltration and the presence of a few plasma cells 3 presented as a mild aseptic lymphocyte-dominated vasculitisassociated lesion. 21 The incidence of hypersensitivity to metal leading to revision THA was low. Nonetheless, hypersensitivity to metal has been considered a cause of osteolysis and implant failure. 27, 32 No definite proof exists concerning hypersensitivity to metals in deep tissues. 2 In patients with a stable implant, positive epicutaneous tests to chromium, cobalt or nickel do not demonstrate a type-IV hypersensitivity reaction. It is unclear if delayed hypersensitivity to metal contributes to the development of osteolysis or whether these patients became hypersensitive to metal secondary to an immune response to the osteolytic process. 3, 27, 32 Therefore, metal-on-metal bearing, with alumina on alumina and highly crosslinked polyethylene, remains an option to improve THA longevity. 23 Nonetheless, the frequency and intensity of metal hypersensitivity and its potential effect on implant loosening remain unknown.
Surface finishes may play a substantial role in the clinical outcomes of cemented stems. 33, 34 Comparative studies of metal-on-polyethylene THA have indicated that after 2 to 20 years of follow-up failure rates in terms of aseptic loosening are 3.2 to 45% higher for rough versus smooth stems, [35] [36] [37] but other studies found no difference. [38] [39] [40] Topographic changes seen on matte and polished stems are very different. Some studies suggest that primary failure at the bone-cement interface leads to loosening of the cement-stem composite and subsequent femoral osteolysis. 41, 42 In our study, initial debonding occurred at the metal-cement proximal portion, and the released particles induced osteolysis at the cement-bone interface. Stem-cement debonding accelerated the failure process by forming a pathway for debris at the stem-cement interface, particularly when the bone support to the cement mantle was reduced. Higher frictional forces on the matte-surface cemented stem generated by demanding physical activity was a major factor leading to failure during the initial stage. The resulting cement and metal particles played major roles in the osteolysis and loosening at cement-bone interface in the later stage. Cemented THA survival is enhanced by a firm and lasting bond between the stem and the cement mantle, 43 although this may be difficult to realise clinically.
Metal-on-metal THAs with cementless components could be recommended for young, active patients, with a view to prevent the occurrence of wear and osteolysis, as they have shown 5-year survival rates of 100% for the metal and 97% for the ceramicon-polyethylene articulations. 5 In our series, no osteolysis or loosening of the cementless components was observed after >10 years of follow-up. Further studies are required on polished cemented stems of the same geometry in order to determine whether there is a relation between metal hypersensitivity and osteolysis caused by frictional forces.
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